Monte Carlo simulations of uniform silicon nMOSFET inversion layers have been performed. Excellent agreement between the simulated and experimental transport characteristics has been observed in the region of strong inversion at both 300K and 77K. The contribution to the effective mobility due to individual subbands has been analyzed and qualitatively explained.
I. INTRODUCTION
Despite decades of research effort ], problems associated with carrier transport in the inversion layers of silicon MOSFETs continue to capture the attention of the research community [2] [3] [4] . Today's advanced devices introduce further complications with the aggressive scaling of channel length that introduces pronounced non-local effects such as velocity overshoot [4] . In order to investigate and anticipate future device performance issues, simulation tools that rely on physically rather than empirically based models are required. In particular, the demand for including inversion-layer quantization effects in routine device simulation [5, 6] has been well appreciated.
We present here Monte Carlo (MC) simulations of uniform silicon nMOSFET inversion layers within and beyond the ohmic regime for various substrate doping levels and gate biases at different temperatures. Within the range of the lateral electric-field commonly seen in the linear region of silicon nMOSFETs, transport of the two-dimensional electron gas (2DEG) is well described by a two-dimensional multi-subband Boltzmann transport equation (BTE.) 53 Particle simulations such as the MC technique [3, 7] provide a direct solution to the BTE and are especially indispensable in the study of high-field and non-local effects.
II. THEORY
The subband structure used in this work is a modified version of that developed in [3] , where the effectivemass approximation (EMA) is based on the bulk nonparabolic relation, E(K) Ybulk(K)( +Oq,bulk(K)), 3'bulk being the parabolic dispersion relation for bulk silicon, K the 3D wave vector and t the non-parabolicity, which is negative for the lowest valley in the conduction band of silicon. Starting with a different bulk nonparabolic E(K) relation E(K)(l+ctE(K))=%ulk(K), ot being 0.5 eV-1, the dispersion relation Ev(k) for the vth subband satisfies: 
and <>v denotes the expectation value taken over v.
In the above equations, E c is the energy at the conduction band edge that depends only on z, the coordinate perpendicular to the Si/SiO 2 interface, and k is the 2D wave vector in the x-y plane. [8] is used. The coupling constant between electron and intravalley acoustic phonons is assumed to be isotropic and an effective coupling constant is used to reduce the computational burden. For intervalley phonon scattering, constant phonon dispersion relations have been employed for optical modes and intervalley acoustic phonon energies have been taken as constants. Intravalley optical phonon processes are ignored. Since in the past [9] the effect due to the surface vibration modes, the socalled "surfons", has been found to be small, scattering between inversion layer electron and surface phonons is also ignored. Finally, the simple model due to Cheng [7, 10] has been applied in treating the surface roughness scattering.
III. SIMULATIONS
The physical models described in the previous section have been implemented in UT-MINIMOS [11, 12] 
IV. RESULTS AND DISCUSSION
The universal relationship between the effective mobility and the transverse effective field has been reproduced (see Fig. 1 ). Good -3 compared to experimental data (77K) [13] and the UT mobility model (300K) [2] been achieved for both 300K and 77K. The simulated results are compared with the experimental work of Takagi [13] at 77K and with the UT mobility model [2] at 300K. The UT mobility model has been well characterized with a large number of devices of varying structures and industrial sources. As such it is used as the best representation of a large body of experimental work. The fractional population and the average mobility of electrons in the lowest primed and unprimed subbands are illustrated in Fig. 2 . At low Eeff, the sub- As the inversion-layer electrons are redistributed among the subbands at high lateral-field, the spatial charge concentration is expected to change since the envelope functions of higher subbands spread more into the bulk silicon than those of the lower subbands.
We have used a post-MC Schroedinger-Poisson loop to investigate this high lateral-field induced effect. Instead of the equilibrium Fermi distribution, the fractional population in each subband collected during the MC stage is used in the post-processing loop to selfconsistently solve the Schroedinger and Poisson's equations. The new Eeff thus calculated has been found to be different from the original Eeff by less than 3%. This justifies the way data are presented and compared in this work.
V. SUMMARY
A Monte Carlo tool that accurately reproduces and explains the experimental universal mobility curve at different temperatures has been developed. Its capability of capturing high-field transport characteristics in uniform silicon nMOSFET inversion layer has been confirmed. The Monte Carlo tool also provides access to important but experimentally unavailable microscopic information.
